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"blunt"‘blunt’	 cuts	 in	 the	genome	 [7].	CRISPR-associated	endonuclease	and	 related	gRNAs	can	work	heterologously	 in	most	 species	 to	produce	mutagenesis,	 gene	knockin/knockout	 and	 chromosome	deletion/translocations.	 If	 the

















































































second,	PreQ1	 riboswitches	 from	a	queuosine	precursor,	 involved	 in	 the	bacterial	 transfer	RNA	 (tRNA)	 function	 [25,26];	 third,	Fflavin	mononucleotide	 riboswitches	 from	Rroseoflavin,	a	natural	product	whose	antibacterial	activity
involves	the	targeting	of	riboswitches	[27].	Other	classes,	such	as	 the	cyclic	dinucleotide	riboswitches	 (cdiG)	were	 instead	 identified	by	bioinformatics	analysis	as	 for	 the	highly	conserved	RNA	structured	element	 found	upstream
‘GEMM	motif’	(genes	for	environment,	membranes	and	motility)	[28].
The	 dynamic	 response	 and	 the	 high	 affinity	 for	 target	 ligands	make	 riboswitch	 aptamers	 particularly	 suitable	 to	 function	 as	 recognition	 domain	 for	 the	 development	 of	 RNA-based	 fluorescent	 biosensors	 [29].	 Here	 the
riboswitch	is	fused	to	a	transducer	module	that	activates	a	signaling	domain	after	 ligand	binding.	Between	these,	Spinach,	Spinach2	and	Broccoli	aptamers	have	been	widely	used	to	build	 ligand-responsive	biosensors	for	 live-cell
imaging	of	 target	metabolites	by	producing	a	 fluorescent	output	upon	addition	of	a	 substrate	 [29–31].	Besides	being	widely	used	 to	engineer	biochemical	 reporters	 (e.g.	 responsive	 to	Vvitamin	B12	[32]	 and	 other	 enzyme	mutants
[33,34]),	biosensors	and	for	in	vivo	imaging	of	small	molecules,	riboswitches	have	also	been	engineered	to	interact	with	xenobiotic	molecules	to	control	gene	expression	in	a	wide	range	of	prokaryotic	microorganisms	(e.g.	Escherichia




Synthetic	trans-activating	RNAs,	generally	 called	 ‘riboregulators’,	 are	 one	 of	 the	 first	 examples	 of	 synthetic	 translational	 activators	 described	 to	 function	 as	 ligands.	When	 added	 to	 the	 5’′-UTR	(untranslated	 regions)	 these
structures	can	be	used	to	control	gene	translation	by	relaxing	the	structural	blockade	of	hairpins	designed	to	cis-repress	ribosomal	binding	[54,55].	A	re-engineered	version	named	as	‘toehold’	[56 (We	would	like	to	include	here	this	citation:







ligands	by	exponential	 enrichment	 (SELEX),	 can	generate	aptamers	and	expression	platforms	 that	do	not	 always	 function	 in	vivo	[61,62]	 and	 therefore	 require	downstream	 screening	 steps	 for	 a	 comprehensive	 characterization	 of	 their	 outputs	 [63].
Computational	modeling	offers	a	valuable	option	to	generate	 functional	riboswitches	 for	 in	vivo	applications	by	using	 the	 folding	energy	of	 the	riboswitch	combined	with	 the	 free	energy	change	resulting	 from	ribosome	binding	 to	 the	RBS	[35]	or	by



















































within	 specific	 cells,	 tissues	or	 species	where	 the	 triggering	molecular	 component	 is	present.	The	CRISPR-igRNA	designs	overviewed	 in	Figure	3	 could	be	used	 to	 achieve	 spatiotemporal	 control	 of	 eukaryotic	 genome	editing	 in
response	to	RNA	transcripts	that	may	be	specific	for:	first,	pathogenic	conditions,	such	as	invading	viral	RNAs,	mRNA	transcripts	carrying	photogenic	mutations	or	produced	upon	cellular	stress	conditions,	etc.;	second,	tissue/cell,
















































































































































































CRISPR-editors	can	be	reprogrammed	 for	cleavage	of	nucleic	acids	 (C),	 transcriptional	activation	 (A)	or	 repression	 (R)	and	epigenetic	modification	 (M).	Examples	of	gRNA	designs	 (multiplexed	and	cis-
repressed	interacting	gRNA).	Chemical	or	biological	(proteins	or	RNAs)	ligands	for	regulation.	Computational	design	and	testing	of	gRNA-–ligand	interactions.	 (The	graphical	abstract	looks	very	small.	Please	let	us
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